T o gain further insight into the mechanism by which cholesteryl ester from plasma enters human arterial tissue under in vivo conditions, we studied the aortic influx of esterified cholesterol from high density lipoproteins (HDL, d > 1.063) and from the complementary very low and low density lipoproteins (VLDL + LDL, d < 1.063). The density 1.063 was chosen because of the putative role of HDL as an antiatherogenic plasma lipoprotein. 1 " 4 The aortic influx of LDL and VLDL have previously been measured in humans by use of radioiodinated apopro teins, 5 ' 6 ' 7 and the aortic influx of cholesteryl ester from all plasma lipoproteins together has also been recently measured in humans. 8 ' 9 There are, however, no reports comparing the flux of cholesteryl ester from HDL and LDL into human aortic tissue. In the present study, the influx into the artery of esterified cholesterol from each of two different plasma lipoprotein fractions was measured simultaneously by a modification of a method which has been used in hypercholesterolemic rabbits. 10 The method Involves the This patient had received an aortic valve prosthesis 5 months earlier. The aortic tissue sample was obtained in connection with a replacement of the prosthesis due to paraprosthetic insufficiency. MS = mitral stenosis, AS = aortic stenosis, Al = aortic insufficiency, Ml = mitral insufficiency.
Experimental Procedure
Five days before the operation, 60 ml of blood was drawn from each patient into a sterile syringe containing 6 ml of anticoagulant (Fenwall CDP-A, Bloodpack, Travenol Laboratories S.A., Castlebar, Eire). The plasma was separated by centrifugation and then Millipore-fiHered (0.22 /Am, Millex GS Millipore S.A., Molsheim, France) into two rubber-sealed sterile glass vials. Fifty to 150 /xCi of 1 ^-cholesterol dissolved in 0.4 to 1.2 ml of ethanol was injected into one vial containing 20 to 25 ml of plasma. 1000 /iCi of 3 H-cholesterol dissolved in 0.2 ml ethanol was injected into the other vial containing 5 to 10 ml of plasma. The vials were incubated at 37°C for 40 to 56 hours, during which time the red blood cells were kept under sterile conditions at 4°C. The 3 H-labeled plasma was then incubated with corresponding amounts of unlabeled red blood cells at 37°C for 4 hours to diminish the content of labeled free cholesterol in the lipoproteins by an exchange with unlabeled free cholesterol in the red blood cells. The same procedure was followed for the 14 C-labeled plasma. After the exchange, each of the two differently labeled plasma samples was adjusted to a density of 1.063 with a solution of NaCI. The samples were ultracentrifuged at 4°C in a 50.3 Beckman rotor for 16 hours at 50 x 10 3 rpm. The top fractions (d < 1.063) containing 3 H were added to the bottom fractions (d> 1.063) containing 14 C or vice versa. When the lipoproteins with d > 1.063 were removed from the centrifuge tube, the protein pellet adhering to the bottom of the tube was left in the tube because the pellet contained only an insignificant amount of radioactive cholesterol. The mixture of the two lipoprotein fractions was dialyzed to isotonicity against 0.9% NaCI for 2 hours at room temperature. Under these conditions, labeled free cholesterol became equilibrated between the two different lipoprotein fractions, whereas by far the major part of the labeled esterified cholesterol remained in its original fraction (either HDL or VLDL + LDL). The preparation, which appeared as a clear solution, was filtered through a 0.22 /im Millipore filter and was immediately injected into the patient.
Blood samples were drawn from the patients at 10 minutes and at 1, 2, 5, and 20 hours after the injection. The samples were collected in EDTA-containing tubes. The plasma was immediately separated from the red blood cells and was kept at 4°C until ultracentrifugation. During aortic valve replacement, a hockey-stick shaped piece of tissue (usually 3 to 4 cm 2 ) was excised from the wall of the ascending aorta 2 to 3 cm above the aortic valve. During an arterial graft implantation in the abdominal aorta, two pieces of aortic tissue were removed from an area just cranial to the aneurysm.
The tissue samples were immediately and carefully rinsed in a stream of 4°C saline. The area of the intimal surface was outlined and the tissue was separated into 3 to 6 layers by use of two pairs of forceps.
Aortic Uptake of Cholesterol from In Vitro and In Vivo Labeled Plasma Lipoproteins
To investigate to what extent the in vitro labeled lipoproteins behaved physiologically in their interaction with the arterial wall, plasma lipoproteins of d < 1.063 labeled with 3 H in free and esterified cholesterol and plasma lipoproteins of d > 1.063 also labeled with 3 H in free and esterified cholesterol were prepared by incubation and ultracentrifugation exactly as described above. The two autologous, in vitro labeled lipoprotein preparations were mixed before intravenous injection into the patient who at the same time was given 14 C-cholesterol orally in a glass of milk. This labeling procedure was used in patients RB and VS. In a third patient, MJ, the isotopes were reversed ( Table 2) . The plasma and aortic tissue samples were obtained as described for the other patients.
Analytical Procedures
Plasma samples were adjusted to d = 1.063 and were ultracentrifuged under the same conditions used during preparation of the injectate. For some of the patients, additional plasma aliquots were ultracentrifuged at d = 1.019 and at d = 1.21. Upids were extracted from whole plasma and from the various ultracentrifuged fractions, and free and esterified cholesterol in the lipid extract were separated by TLC. 10 ' 11 The sterols were extracted from silica gel with chloroform/methanol and the extract was saponified. 12 Aliquots were taken for determination of cholesterol by the Lieberman-Burchard method 13 and for determination of 3 H and
14
C radioactivity after evaporation of the solvent and addition of Instafluor (Packard Instrument International S.A., Zurich, Switzerland). The vials with plasma lipids were counted in a liquid scintillation counter to a SD of less than 1 %. Overlap and efficiency were controlled by reference to calibrated samples of 3 H and 14 C-toluene (Amersham Denmark ApS). The average free and esterified cholesterol specific activities for each llpoprotein fraction during the experimental period were calculated from the area under the specific activity-time curves.
The tissue samples were minced and the lipids were extracted during a period of 24 hours by use of 20 volumes of chloroform/methanol 2:1 (vol/vol). Methanol was added to form a 1:1 (vol/vol) solution and the tissue residue was centrifuged into the bottom of conical glass tubes. The residue was washed twice with chloroform/methanol 1:1 (vol/vol). Chloroform was added to the combined washes to reestablish the original 2:1 ratio and the extract was washed by the Folch procedure. 14 To save 95% of this low-counting extract for radioactivity determination, the masses of free cholesterol before and after saponification of aliquots of the extract were determined by a micro method in which fluorescence of the spots containing 0.3 to 1.0 nmol of free cholesterol on the TLC plates was quantified in situ, by use of a Vitatron TLD 100 Universal Densitometer. 15 An aliquot (1/5) of the lipid extract from the tissue was used for determination of total cholesterol radioactivity; the rest was used for separation of free and esterified cholesterol, which were extracted from the silica gel and transferred to vials for radioactivity determination. The samples were counted to a SD of 1 % or for 300 minutes. The blanks contained lipid extract from aortic tissue specimens from patients who were not injected with labeled lipoproteins before reconstructive surgery. Such samples went through the entire analytical procedure in each series to monitor possible contamination in the low-counting samples. By comparison with total cholesterol, there was 90% to 100% recovery of free and esterified cholesterol after TLC.
Calculation of Aortic Influx
The influx of esterified cholesterol from a lipoprotein fraction is calculated by the so-called sink, or integral, method in which the amount of radioactivity in the aortic tissue derived from the esterified cholesterol in the plasma lipoprotein fraction is divided by the area below the specific activity-versus-time curve for cholesteryl ester in that fraction. 16 This calculation assumes that during the experimental period the efflux of labeled sterols from the intimamedia tissue is negligible compared with the influx of labeled sterols. Experimental support for the validity of this T h e sign -indicates that the SD of the radioactivity determination was 5% to 10% in these low counting samples. Otherwise SD of radioactivity determinations in aortic tissue samples were less than 5%.
fLabeled free cholesterol as percent of total labeled cholesterol. tThe influx was calculated by dividing the amounts of radioactivity in the tissue by the duration of the exposure period and by the corresponding specific activity in plasma.
§lnflux of free cholesterol as percent of influx of total cholesterol.
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assumption during the first 48 hours has recently been obtained for human intima-media tissue. 69 In the period during which the sink assumption is valid, labeled cholesteryl ester in plasma does not remain in its original lipoprotein fraction, but appears in other lipoprotein fractions in plasma. Furthermore, it has been shown that human aortic intima-medla tissue hydrolyzes esterified cholesterol and esterifies free cholesterol that has entered the tissue from plasma during the preceding 24 to 48 hours. 89 These processes are taken into account in the following influx equations.
Method I
Since 3 H and 14 C are located in the ring structure of the labeled sterols, hydrolysis of esterified cholesterol and esterification of free cholesterol in the aortic tissue do not change the total amount of labeled sterols in the tissue. This amount is determined only by the influx of esterified cholesterol and free cholesterol from VLDL + LDL (KEy,.
and KFVL) and from HDL (KE H and KF H ):
where t(E + F) is the sum of the amounts of radioactivity in free cholesterol (F) and esterified cholesterol (E) in the tissue in dpm x cm" 2 ; T is the duration of the experimental period in days; S(EVL) and s(E H ) are the mean specific activities of esterified cholesterol in plasma (d< 1.063) and (d> 1.063) lipoproteins, respectively, expressed in dpm x nmol~1; and s(F) is the mean specific activity of free cholesterol in plasma. The value is the same for free cholesterol in both lipoprotein fractions due to the rapid exchange of free cholesterol. The influx values will, in this way, be expressed in nmol x cm" 2 x day 1 . If it Is assumed that KF vu = f-KE VL and KF H = f-KE H , then Equation (1) can be rewritten:
For a given value of f, the influx K E^ and KE H can be calculated from Equation (2) The ratio between the aortic influx of free cholesterol and esterified cholesterol from total plasma has previously been found to be 0.9 ± 0.3 (mean ± SD, n = 22), ranging from 0.5 to 1.8.
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Method II
It is also possible to calculate KE^, KE H , and KF = K F^ + KF H without the assumptions connected with the use of the value f. In the alternative method, it is assumed that aortic hydrolysis of labeled esterified cholesterol from the two lipoprotein fractions occurs to the same extent and that aortic esterification of labeled free cholesterol is negligible. When t(F) is the amount of labeled free cholesterol in the tissue and HY is the amount of newly entered esterified cholesterol that has been hydrolyzed in the aortic tissue, the following equations are valid for 14 C and for *H.
The four unknowns, KE^, KE H , Kp, and HY can be determined from the four equations. Method II has been used for calculation of aortic influx values in hypercholesterolemic rabbits, 10 whereas Method I is a newly developed modification. Method I has been introduced to base the influx calculation on an assumption that has some direct experimental validation (i.e., the value of f)-
Results
In Vitro Labeled Lipoprotein Preparation
After incubation of human plasma with 3 H-and ^-c h olesterol at 37°C for 48 hours, 40% to 50% of the radioactivity was incorporated into esterified cholesterol. This percentage increased to a maximum of 85% after Incubation with the autologous, unlabeled, red blood cells from the initial blood sample. Figure 1 shows the elution profiles of an in vitro labeled lipoprotein preparation before its injection into the patient. The column was 1.0 x 100 cm; was packed with Sephacryl-S-400 Superfine (Pharmacia, Uppsala, Sweden); and was eluted with a phosphate buffer. Less than 0.1 % of the radioactivity (detection limit) eluted in the void volume in accordance with the absence of labeled, unphysiological lipoprotein aggregates. The void volume of the column 40 60 80 100 ELUTION VOLUME ( m l ) was determined by use of labeled lipoprotein aggregates. These were prepared by addition of a high concentration of cholesterol in ethanol (0.8%) to plasma, which then, with no incubation period and no exchange with red blood cells, was applied on the gel. 18 In patient JH, the density 1.019 was used for preparation of the two differently labeled lipoprotein fractions in the injectate. This density made it possible to compare the aortic cholesteryl ester influx from VLDL with that from LDL + HDL. In all other patients, the density 1.063 was used. This made it possible to compare the aortic cholesteryl ester influx from VLDL + LDL with that from HDL.
Labeled Cholesterol In Plasma, In Vitro Versus In Vivo Labeling
After intravenous injection of the in vitro labeled preparation that contained 14 C in both HDL and VLDL + LDL, the specific activity of 14 C in esterified cholesterol of VLDL + LDL and HDL in plasma decreased to about the same extent in the following days ( Figure 2 ). During the first hours after the injection, the specific activity of esterified cholesterol in VLDL was somewhat higher than in LDL and HDL (not shown). For 3 H-cholesterol that was given orally, the specific activity in esterified plasma cholesterol increased gradually during the first days. The increase was initially most pronounced in VLDL. For labeled free cholesterol, the specific activity in the various lipoprotein fractions was nearly the same during the observation period. This was the case both for 3 H and for 14 C.
The specific activities of free and esterified cholesterol were identical for the in vivo labeled plasma lipoproteins (Table 2) . When labeled, free cholesterol was added to the in vitro labeled preparation before it was injected into the patient, this isotope showed similar specific activities in free and esterified cholesterol. This is important for the comparison of the aortic uptake of radioactive cholesterol from in vivo and in vitro labeled lipoproteins.
The d > 1.21 fraction in plasma contained 0.3% to 0.5% of the total plasma radioactivity whether this fraction was given intravenously or orally. Figure 3 shows how 3 H-cholesteryl ester (primarily as HDL) injected into patient JF rapidly appeared in the complementary lipoprotein fraction VLDL + LDL. The specific activity in each fraction approached the same value within the next 24 hours. The same pattern was seen during the same time period for 1 ^-esterified cholesterol (primarily as VLDL + LDL) injected into the patient. The mean specific activity over a 20-hour period was higher in cholesteryl ester from VLDL than in cholesteryl ester from LDL (Table  3) . This was the case both when the VLDL cholesteryl ester concentration in plasma was low (patient JF) and when it was high (patient SL). When the labeled cholesteryl ester in the injectate was present primarily in VLDL, the mean specific activity of cholesteryl ester in HDL over the 20 hours following the injection was slightly higher than the mean specific activity of cholesteryl ester in LDL pH values for patient JH, Table 3 ). The specific activity of free cholesterol was nearly the same for the various fractions for 3 H and for 14 C from the injection until the tissue was removed ( Figure 3 , Table 3 ). Table 4 shows the mean specific activities of 3 
Labeled Cholesterol In Plasma after Injection of Differently Labeled Lipoproteins
Cholesterol In the Tissue
For patient FH, the labeled cholesterol found in the deeper aortic layers (i.e., the media and the adventitial layers) together with the amounts of free and esterified cholesterol in these layers is shown in Figure 4 . The other aortic tissue samples had similar patterns with small amounts of radioactivity in the middle layers compared with the amounts in the inner and the outer layers and with more free and esterified cholesterol in the luminal than in the abluminal layers. Table 5 shows the total cholesteryl ester concentration in plasma and the percentage found in HDL. For each piece of aortic tissue, the wet weights of the luminal layer and of the entire specimen are expressed per cm 2 intimal surface. The amounts of free and esterified cholesterol in the luminal layer, which was used for determination of radioactive cholesterol, are shown together with a macroscopical gradation of the lesion.
Aortic Influx Based on In Vitro and In Vivo Labeling of Plasma Llpoprotelns
The amounts of radioactivity in the inner aortic layer from patients VS, RB, and MJ were divided by the area below the corresponding specific activity-versus-time curve for total cholesterol in plasma ( Table 2 ). This calculation provides an estimate of the influx of cholesterol from plasma into the aortic wall if the mean specific activity for all cholesterol fractions in plasma is the same (Figure 2) . The influx values based on the in vitro labeled lipoproteins and the in vivo labeled lipoproteins were similar in the individual patients, whereas a considerable interindividual difference was observed between the values obtained in the three patients ( Table 2) . The patients were intravenously injected with a doubly labeled autologous lipoprotein preparation, and blood samples were drawn at regular intervals during the uptake time until the aortic tissue specimen was obtained In connection with the operation.
'In some patients it was possible to investigate aortic intima-media tissue from more than one location. tVLDL (d<1.019), +.LDL + HDL (d>1.019).
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Aortic Influx Based on Differently Labeled Llpoprotelna
In the patients who were given differently labeled lipoproteins, the influx of choiesteryi ester from each of the two fractions, VLDL + LDL and HDL, was calculated for each tissue specimen by use of Method I and Method II. Influx columns I, II, and III (Table 5) show the influx values calculated by use of Equation (2) .' In column I, the ratio f between KF and KE was the observed mean value 0.9; in column II, f was the observed minimal value 0.5; and in column III, f was the observed maximal value 1.8. The influx values calculated in this way are not affected by hydrolysis or esterification of the labeled sterols In the aortic tissue.
The use of Equations (3) and (4) for influx calculation requires some restrictions about hydrolysis and esterification of labeled sterols in the aortic tissue. The calculated values are given in column IV.
The calculated aortic influx values for HDL and for VLDL + LDL in a given patient change with the assump- tions ( Table 5 ). The change is more pronounced in some patients (OL, BK, KA) than in others (FH, HJ). This can be ascribed to a different distribution of label between free and esterified plasma cholesterol in the different patients. The percentage of choiesteryi ester influx derived from HDL was, in some patients, calculated to be either more than 100% or less than 0% (Table 5 , columns II to IV). This means that the assumption about KF/KE used in the calculation is not compatible with the radioactivity obtained for that patient. KF cannot be 1.8 x KE in patient OL, BK, and KA. It is, however, possible in these patients to choose a ratio between KF and KE within the observed range of 0.5 to 1.8 that leads to a percentage of HDL choiesteryi ester influx comparable to the percentage found in the other patients. All these other patients had low mean values of plasma specific activity of free cholesterol for both isotopes compared with the specific activity of esterified cholesterol (Table 4 ). This labeling pattern made the calculation of KEVL and KE H less sensitive to a relatively high influx of free cholesterol.
Discussion
Labeled Choiesteryi Ester In Plasma
The results reported in this study were obtained by the injection into humans of a lipoprotein preparation in which esterified cholesterol of one fraction, HDL, was labeled with 3 H and esterified cholesterol of the complementary fraction, VLDL + LDL, was labeled with 14 C, or vice versa. After the injection, redistribution of labeled choiesteryi ester between the lipoprotein fractions in plasma took place ( Figure 3 ) as a result of the choiesteryi ester exchange. 17 Choiesteryi ester in VLDL was always more readily labeled than was choiesteryi ester in LDL. This Is in accordance with in vitro studies of choiesteryi ester exchange between different plasma lipoprotein classes. 17 ' 18 Under the pres- The Influx of esterified cholesterol (KE) was calculated from Equation (2) under the assumptions that the simultaneous influx of free cholesterol (KF) was 0.9 x KE, column I; 0.5 x KE column II; and 1.8 x KE, column III. IN column V, KE was calculated from equations (3 to 4) under the assumptions of negligible esteriflcation and the same extent of hydrolysis in the aortic tissue of newly entered esterified cholesterol from HDL and from VLDL + LDL in plasma.
•Esterified cholesterol In HDL as percent of all esterified cholesterol In plasma. t/The numerator is the wet weight of 1 cm 2 intima-media tissue, the denominator Is the wet weight of 1 cm 2 of all the aortic layers. iSurface area covered with visible lesions; 0:0% to 10%; + : 10% to 25%; + +: 25% to 50%; + + + : 50% to 100%. §lnflux of esterlfled cholesterol from HDL as percent of total Influx of esterified cholesterol.
IfThe Influx values for patient BK were based on 1 ^radioactivity in the aortic tissue that was determined with a SD of 15% to 20%. IIFor this patient, the value is parenthesis is cholesteryl ester in VLDL (d<1.019) as percent of total cholesteryl ester. ent experimental conditions, complete equilibration between the various cholesteryl ester fractions was usually reached after 20 hours.
Labeled Cholesteryl Ester In Aortic Tissue
The amounts of labeled cholesteryl ester found in the arterial tissue were small compared with those present in the patients' plasma even at the time of the operation (Table 4). In separate experiments, we injected patients with 14 C-cholesterol-labeled lipoproteins 24 to 48 hours before the operation and again with 3 H-cholesterol-labeled lipoproteins 0.5 hours before the operation. We found that contaminating plasma traced by the 3 H-cholesterol could explain less than 10% of the 14 C-cholesterol that was present in the intima-media tissue after 20 to 48 hours of exposure. 89 For the adventitial layer, this percentage was much higher, probably because of plasma in the vasa vasorum. For this reason, only the intima-media tissue was used for influx calculations.
Assumptions for Calculation of Aortic Influx Values
The calculation of the aortic influx values rested on a number of assumptions: 1) physiologically labeled plasma lipoproteins, 2) isotope equivalency, 3) negligible contamination of plasma on the Intimal tissue, 4) negligible loss of labeled sterols from the intimal tissue during the 20-to 40-hour uptake period, 5) the same specific activities of cholesteryl ester in VLDL and in LDL, 6) the same specific activities of cholesteryl ester in HDL fractions, and 7) the same specific activities for free cholesterol in all fractions.
Assumption 1
Although the labeled lipoproteins that were injected into the patients had been through a 3-to 4-day in vitro labeling procedure, gel permeation revealed no labeled lipoproteln aggregates (Figure 1) . Furthermore, the calculated aortic influx values based on the isotope that was given intravenously were similar to the influx values based on the isotope given orally to the same patient (Table 2 ). This suggested that the aortic uptake of radioactive cholesterol from in vitro, labeled lipoproteins was similar to the aortic uptake of radioactive cholesterol from physiologically labeled lipoproteins.
Assumptions 2 to 4
These assumptions have been experimentally validated in previous studies of the influx of total cholesterol into 
Assumption 5
Cholesteryl ester exchange tends to keep the pools of cholesteryi ester in plasma well stirred. The higher mean value of cholesteryl ester specific activity in VLDL than in LDL (Table 3) did not introduce a major error in the calculation of KEVL and KE H . This was due partly to the low concentration of VLDL cholesteryl ester compared with the concentration of LDL cholesteryl ester and partly to the findings in patient JH. When only VLDL cholesteryl ester in this patient was labeled, VLDL contributed very little to the labeled sterols in aorta compared with the contributions from the remaining fractions (Table 5 ).
Assumption 6
This assumption was readily met due to the rapid exchange of free cholesterol between plasma lipoproteins.
When the specific activities in plasma or the amounts of radioactivity in aorta were changed 10%, one at a time, the solutions of the equations changed in most patients to about the same extent (about 10%) as the assumed perturbation of the radioactivity. The solutions of the equations will, therefore, not be very sensitive to small measurement errors.
Aortic Influx Values
Total cholesteryl ester influx into human aortic tissue without visible lesions was previously found to be 4.5 ± 1.4 nmol x cm" 2 x day 1 (mean ± SEM, n = 9) and into aortic tissue with severe lesions to be 45 ± 5 nmol x crrr 2 x day 1 (n = 12). 89 The total cholesteryl ester influx values in the present study are within the range of these values.
The large Interindividual variation in influx values even in aortic tissue without visible lesions could not be directly ascribed to variations in the plasma concentrations of the lipoproteins (Table 1) . Large individual variations in arterial influx values were also observed in a study with iodinated apoprotein B. 6 In arterial tissue samples from 13 patients, the arterial influx of VLDL apoprotein B was 0.01 to 182 ng x cm" 2 x hr 1 . The large individual variations in aortic influx studies probably reflect a large regional variation of the luminal surface of a given aorta. The three large pieces of aortic tissue obtained from patient JF were further subdivided into 12 different regions. The range of cholesteryl ester influx into these 12 different regions was 4 to 40 nmol x cm" 2 x day" 1 . This variation shows that the cholesteryl ester influx depends heavily on some property of the blood and artery interface. In the normal rabbit aorta, small foci less than 1 mm in diameter have shown a 50-fold higher LDL permeability than adjacent areas. 19 In the present study, the influx of cholesteryl ester from HDL was found to increase linearly with the simultaneously determined influx of cholesteryl ester from VLDL + LDL over the entire range of total cholesteryl ester influx values ( Figure 5 ). The dose relationship between the two sets of values suggests that cholesteryl ester from the two different plasma lipoprotein fractions enters the intima-media by the same mechanism. About 40% of the aortic cholesteryl ester influx was derived from HDL, which accounted for only about 20% of the cholesteryl ester in plasma (Table  5 ). This was the case both for aortic tissue with and without atherosclerosis. This preferential influx of cholesteryl ester from HDL cannot be ascribed to an isotope effect, since it was present when HDL in the injectate was labeled with 14 C-cholesterol (patients BK and JN) and also when HDL in the injectate was labeled with 3 H-cholesterol.
The similarity of the influx values in columns I and IV of Table 5 shows that esterification and hydrolysis of labeled sterols in intima-media tissue In most patients had a minor effect on the calculation of cholesteryl ester influx. This is partly due to the labeling pattern in plasma with low specific activity of free cholesterol compared with specific activity of esterifled cholesterol, which makes the results less sensitive to aortic esterification.
Radioactivity in the intima-media layer only was used for influx calculation. This led to an underestimate of the influx, because some of the labeled cholesterol had passed through that layer into the adjacent, middle layers of the aortic wall (Figure 4) . However, some of the labeled cholesterol found in these middle layers may have arrived from the vasa vasorum. Since the amount of radioactive cholesterol in the inner layer is much higher than in the middle layers, the underestimation of the influx values is probably negligible.
Aortic influx values have often been used for calculation of so-called intimal clearances by dividing the influx of a given fraction by its corresponding plasma concentration. 16 ' w Intimal clearances are equivalent to permeability coefficients. The intimal clearance of cholesteryl ester from VLDL + LDL In human aorta in the present study was 15 to 500 nl x crrr 2 x hr" 1 . The corresponding HDL values were about twice as high. The aortic influx of cholesteryl ester from VLDL was measured in only one patient (JH). The Intimal clearance of cholesteryl ester from VLDL was about 10 nl x cm" 2 x hr-1 , which was one-third of the simultaneously measured intimal clearance of cholesteryl ester from the combined LDL + HDL fraction (Table 5) .
Comparison with Similar Studies In Animals
In hypercholesterolemic rabbits, the intimal clearance of apoprotein and cholesteryl ester from LDL by the thoracic aorta was 10 to 550 nl x cm" 2 x hr" 1 . 11 The simultaneously measured intimal clearances of cholesteryl ester from HDL and the intimal clearances of albumin were 2 to 3 and 4 to 6 times, respectively, higher. It was concluded that in the hypercholesterolemic rabbit, plasma lipoproteins enter the thoracic aorta by a nonspecific mechanism that depends more upon the size and the plasma concentrations of the lipoproteins than on specific interactions of lipoproteins with the endothelial surface. 11 Other investigators have recently reached the same conclusion for normocholesterolemic rabbits 20 and for rats 21 based on their in vivo studies. Preferential influx of the smaller HDL, compared to the larger LDL, has also been observed in a perfused rat aorta heart prepration. 22 A decreasing permeability coefficient with increasing diameter is also the general pattern for transfer of macromolecules other than lipoproteins across capillary surfaces in such tissues as dog paw, intestine, and heart. 23 -24 The intimal clearances for cholesteryi ester from VLDL + LDL and from HDL in the human aortic tissue are similar to those found for the thoracic aorta of the hypercholesterolemic rabbit and show within each tissue specimen the same relationship, with higher values for cholesteryi ester from HDL than from VLDL + LDL. This strongly suggests that the aortic influx of plasma Iipoproteins in middle-aged Danes occurs by the same process as in hypercholesterolemic rabbits.
Expressed per cm 2 of intimal surface, the transfer rate in vivo can apparently vary by a factor of 10 to 100 in humans, as well as in rabbits, with higher values in tissue with, than in tissue without, visible atherosclerosis. This huge variation encourages further studies of the regulation of this influx process.
Efflux of Cholesteryi Ester from Aortic Tissue
The cholesteryi ester influx into the aortic wall without visible atherosclerosis was so high in some patients (HJ, SL, JH, MJ) that the tissue could accumulate huge amounts of cholesterol during the following years. There is no reason to believe that this would be the case for these tissues. This means that the influx has to be balanced by an efflux of cholesteryi ester from the aortic tissue because the aortic tissue cannot degrade the sterol ring in quantitative amounts.
Recent studies in normocholesterolemic rabbits have shown that about 70% of the apoprotein B that had entered the aortic tissue under in vivo conditions leaves the tissue again without degradation. 25 When human aortic tissue has been exposed in vivo to labeled cholesterol in plasma for 96 hours, the amounts of labeled sterols in the middle layers of the aortic tissue are still small compared with those found in the more luminal layers. 8 This suggests that there is no quantitatively important penetration of plasma Iipoproteins through the entire aortic wall into the lymph vessels or the vasa vasorum of the outer layers. The low concentration of immunoreactive LDL in the tissue on the abluminal side of the internal elastic membrane compared with the concentration in the intima tissue also suggests that this pathway for removal of apoprotein B containing Iipoproteins from the aortic wall is of minor quantitative importance. 26 Most epidemiologic studies have associated high concentrations of HDL in plasma with a protective action against cholesterol deposition in the arterial wall.
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According to the findings in the present study, a total plasma cholesterol concentration comprised mainly of HDL cholesterol will result in a higher aortic cholesteryi ester influx than will the same total cholesterol concentration comprised mainly of LDL cholesterol if the properties of the aortic blood interface remain unchanged. A mechanism for a direct antiatherogenic role of HDL in humans, in spite of a relatively high influx of HDL into the arterial wall, is a relatively high efflux of HDL from the arterial wall back to plasma. During passage through the arterial tissue, the HDL particle may pick up cholesterol from the tissue or from LDL particles trapped in the tissue and, in this way, counteract cholesterol accumulation from LDL in the wall. Evidences for this hypothesis require further studies of the mechanisms by which cholesteryi ester leaves the arterial wall under in vivo conditions.
In conclusion, we have obtained data which are in accordance with an in vivo uptake of cholesteryi ester from plasma VLDL + LDL and HDL by human aortic tissue with or without atherosclerotic lesions by a nonspecific mechanism that favors the uptake of cholesteryi ester from the smaller HDL particles compared with the uptake of cholesteryi ester from the larger LDL and VLDL particles. Large interindividual and regional variations in aortic cholesteryi ester influx in normocholesterolemic patients suggest that this rate is determined more by properties in the bloodartery interface at the time of measurement than by the concentrations of HDL and LDL cholesteryi ester in plasma. The aortic influx of cholesteryi ester into human aortic tissue without visible atherosclerosis is so high compared with the amounts of cholesterol in the tissue that removal of cholesteryi ester from the tissue is of major importance for prevention of cholesterol deposition.
